ployed by Macko et al. (1982) as the basis for his study. Macko had mapped visually responsive re gions of cortex by side to side comparison of rates of glucose utilization in monkeys which had had one hemisphere deprived of visual input by previous unilateral optic tract section. Her mapping of vi sually responsive cortical areas was derived solely from the finding of stimulus related differences in rates between homologous regions. The findings were in keeping with a large number of previously reported studies that revealed local metabolic re sponses to an alteration of sensory input or change in motor activity. In contrast, Horwitz imputes functional significance to the variation in absolute rates of glucose utilization in a population of indi viduals under uniform conditions of environmental stimulation and of motor activity. This inference ig nores the studies that have been made under con ditions of total inactivity, e.g., under anesthesia, slow wave sleep, or in deafferented structures where variations in metabolic rates are found both from region to region and from individual to indi vidual in the same region. It is clear that the brain's requirement for glucose is not only to pump ions in the wake of an action potential but to supply energy for its diverse synthetic processes and to maintain membrane potentials in the face of ionic diffusion. These basal metabolic processes have a biologic variation of their own. Therefore, Dr. Horwitz's re formulation of the principle of an evoked metabolic response ascribing functional significance to the variations in resting rates of glucose utilization seems of dubious value. Indeed, it yields misinfor mation. This is illustrated in his finding of highest and statistically significant correlation coefficients for homologous regions of cortex. While many at tributes of the right and left hemispheres are very similar, their functional independence has been es tablished. Homologous regions may communicate one with the other, but the net functional effect of such communication is in no way illuminated by his statistical exercise.
These remarks are not made to diminish the value of any empirically derived convolution of data ob tained by the fluorodeoxyglucose method and pos itron emission tomography (PET) scanning to char acterize a disease or condition. Subtle differences in patterns of cerebral metabolism may not be evident in images or from inspection of tables of absolute values. Statistical manipUlations may serve to high light patterns of subtle differences and therefore be useful. But the needs of clinical neurology are very different from those of the basic sciences. They must often be kept separate. In the case of Dr. Hor witz's report it is not clear that the needs of either have been served. The authors reply:
To the Editor: We welcome this opportunity to clarify aspects of our work (Horwitz et aI., 1984) that Dr. Kennedy finds confusing.
Our reference to the study of Macko et al. (1982) was used to indicate that correlations are employed implicitly in many experimental designs. Nowhere did we suggest that our experimental arrangement was analogous to that of Macko et al.
As stated in our original article, if two brain re gions are strongly coupled functionally in a group of subjects under specific experimental conditions, then, as one goes from subject to subject, variation in metabolic activity in one region should covary with variation in metabolic activity in the second. A measure of this covariance is the correlation coef ficient. Our approach hypothesizes that an experi mentally determined covariance of metabolic rates between two brain areas may be due, therefore, to functional coupling, although we went to great lengths to indicate that there may be as well other sources for the measured correlation. But, by a careful analysis of the pattern of correlations one finds, we argued that one could use the correlation technique to extract information about functional associations in the brains of subjects under specific experimental conditions. This analysis, of course, must be supplemented by knowledge of known functional relations (as determined by other methods) and by knowledge of the limitations of the experimental technique one is using (which may give rise to artifactual correlations).
Dr. Kennedy confounds the two statistical con cepts of variance and covariance. He says that we impute "functional significance to the variation in absolute (metabolic) rates of glucose utilization in a population of individuals under uniform condi tions of environmental stimulation and of motor ac tivity." We did not state, nor do we believe, that absolute variation in glucose utilization, either from structure to structure or from individual to indi vidual, is due only to variation in functional activity.
Rather, it is the covariation of one region with an other, seen as one goes from subject to subject, that yields information about functional coupling. Vari ation, per se, is treated by the statistical concept of variance, whereas the variation of the metabolism in one region relative to another is handled by the concept of covariance. A large correlation coeffi cient implies a large covariance.
Dr. Kennedy suggests that the state of reduced sensory input (eyes covered, ears plugged) that we used is a state of total functional inactivity. He states that variations in metabolic rates are found both from region to region and from individual to individual in the same region (in studies) under con ditions of total inactivity, e.g., under anesthesia, slow wave sleep, or in deafferented structures. First, as we have just stated, covariation, not vari ation, is the critical concept. Second, the state of reduced sensory input is not a state of total inac tivity: the subjects are awake, they are thinking, they are receiving some somatosensory and low fre quency auditory input. All these activities require nervous system activation, with coordination among some areas. Indeed, none of the examples given by Dr. Kennedy represents a state of total inactivity in cortex, except possibly for deep anes thesia.
Dr. Kennedy uses our finding of statistically sig nificant correlations between left-right homologous regions of cortex to indicate that our analysis "yields misinformation, " i.e., "While many attri butes of the right and left hemispheres are very sim ilar, their functional independence has been estab lished. " We never implied that one should find sta tistically significant homologous correlations in every experimental state. Obviously, if one de signed an experiment which entailed a lateralized input, or required a lateralized output, then there could well be a reduced number of statistically sig nificant homologous correlations. However, our resting state was such that no lateralized activation was expected, and none was found. Since the pub lication of our paper, we have examined a number of situations in which correlations between homol ogous brain regions are reduced in number; subjects with Alzheimer's disease provide one example; in rats, performing corpus callosotomies reduces the number and magnitUde of left-right cortical corre lations (unpublished observations).
Our purpose in responding to the letter of Dr. Kennedy is to indicate that there is no a priori reason why the correlation approach should not provide useful neurobiological information. In our article, we presented all our data, and gave our in terpretation. We stressed that we were making an hypothesis, but we suggested that our analysis gave some support to the hypothesis. As with all useful scientific techniques, the efficacy of our approach will be determined, not by our saying it is valuable, and others saying otherwise, but by doing more ex periments and seeing if the technique can yield in sight into neurobiological processes. We are con tinuing with such experiments in our laboratory, and thus time will or will not demonstrate the utility of the correlation approach.
